Summary The present investigation shows the effect of vitamin A deficiency on the initiation and postinitiation phases of benzo(a)pyrene-induced lung carcinogenesis in male Wistar rats. Lung tumours were induced by giving three intratracheal instillations, one week apart, of 10mg benzo(a)pyrene per instillation. Maximum tumour incidence (100%) and tumour burden per rat was found in rats which were kept on vitamin A deficient diet for 4 weeks prior to the first administration and 8 weeks after the last administration of benzo(a)pyrene. Rats in which vitamin A deficiency was terminated after the last administration of the carcinogen had 83% tumour incidence, whereas corresponding control pairfed animals had 39% incidence of tumours. These data represent the values obtained 32 weeks after the last administered dose of the carcinogen and indicate the role of vitamin A, both in the initiation as well as in the postinitiation phases of lung carcinogenesis.
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Today vitamin A is well known for its importance in general growth and differentiation of epithelial tissues and its deficiency has been shown to lead to metaplastic changes in the epithelia of the respiratory, urogenital and gastrointestinal tracts (Harris et al., 1972; Wolback, 1954) . These metaplastic changes appeared by light microscopy to be morphologically similar to the changes found in certain precancerous lesions caused by carcinogen administration (Harris et al., 1972; Hayes, 1971) . This similarity between histological features of epithelial tissues of vitamin A deficient animals and certain precancerous lesions was the starting point for further investigations in this area. Several investigators have confirmed and extended the early observations and have shown a prophylactic effect of vitamin A on the development of carcinogeninduced epithelial tumours (Bollag & Matter, 1981; Lotan, 1980; Nettesheim & Williams, 1976) . However, supplementation with retinoids as a prophylactic agent has resulted in variable effects and these are being related to the problem of distribution and toxicity of vitamin A (Sporn, 1976) . aMean+s.d. Number of rats used for estimating vitamin A content in liver at 4 and 14 weeks is given in parentheses.
Groups 1 through 3 received three intratracheal instillations, one week apart, of 10mg BP at 4 weeks after rats were maintained on diets either containing 20,000 IU kg-1 of retinyl acetate (group 1) or on vitamin A deficient diet (groups 2 and 3). At 6 weeks group 2 was shifted to diet containing 20,000IU of retinyl acetate kg-1, whereas group 3 was fed diet containing 1000IU of retinyl acetate kg-1 till 14 weeks and then this group was also shifted to the diet given to groups 1 and 2. Groups 4 and 5 were maintained on diets given to groups 1 and 3 respectively and received .0= <,,"°tumour incidence, however the T/TBA ratio in all = E + < the groups remained almost the same as it was at a, 24 weeks. At 32 weeks, group 1 did not show any CO ;O ,further increase in tumour incidence, whereas it increased from 75% to 83% in group 2, and was 100% in group 3. At this point the T/TBA ratio <,, g = e was increased in all groups, thereby revealing an increased tumour burden per rat. The mortality due to intratracheal instillations of BP- to be maximal in animals kept on vitamin A deficient diet.
Discussion
The role of vitamin A deficiency in tumourigenesis has been studied by several investigators (Nettesheim & Williams, 1976; Rogers et al., 1973; Sporn & Newton, 1981 (Becking, 1973; Miranda et al., 1979; Siddik et al., 1980) . Our earlier studies in this area (Dogra et al., 1982; Dogra et al., 1983) (Dogra et al., 1984) . These studies give support to the argument that mixed-function oxidase enzymes play a very crucial and important role in determining organ susceptibility to tumourigenesis. In the present study vitamin A deficiency has been found to enhance the process of tumourigenesis, both at the initiation and postinitiation phases. However, the effect of vitamin A deficiency was more prominent at the initiation phase as rats from group 2, killed at 32 weeks after the termination of BP instillation had 83% tumour incidence compared to 39% in normal pairfed rats (group 1). Moreover, the tumour burden per rat was also greater in vitamin A deficient rats than in normal pairfed rats. Furthermore, the enhancing effect of vitamin A deficiency on carcinogenesis during the postinitiation phase was evident from the data on group 3 as rats which were kept on vitamin A deficient diet during and after the challenge with BP, not only had a higher percentage tumour incidence but also the tumour burden per rat was even greater. Also, this higher incidence of tumours was achieved earlier than in the other two groups (groups 1 and 2). This could be due to lack of vitamin A as an essential factor for the normal differentiation of cells during the post initiation phase of tumourigenesis. The other responsible factor could be the slow elimination of carcinogen (given as BP-Fe203) from the lung. Therefore, an effect of vitamin A deficiency on the metabolism of the carcinogen and the penetration of the carcinogens into the target cells could not be ruled out. In conclusion this study has revealed that vitamin A deficiency enhances the process of lung carcinogenesis induced by benzo(a)pyrene both at the initiation and postinitiation phases. However, the more pronounced effect was seen at the initiation stage.
